From the roots of Ligularia oligonema and an unidentified sample of Ligularia collected in Yunnan Province of China, two new sesquiterpenoids, 3β-acetoxy-6β-(2-methylbutyryloxy)furanoeremophilan-10β-ol and 3β-acetoxy-6β-isobutyryloxyfuranoeremophilan-10β-ol, were isolated. DNA sequencing showed that the unidentified sample was likely to be L. oligonema. In addition, the DNA data suggested that the chemical evolution among L. oligonema and related Ligularia species is rather complex.
Ligularia (Asteraceae) is a genus consisting of over 100 species. The genus is highly diversified in the Hengduan Mountains of China [1] [2] [3] , especially in Yunnan and Sichuan Provinces. We have been studying the chemical evolution in the genus by examining inter-and intra-specific diversity in root chemicals and nucleotide sequences of evolutionarily neutral DNA regions. To date, we have revealed intra-specific diversity in a number of species in Yunnan and Sichuan Provinces. For example, L. pleurocaulis [4] , L. virgaurea [5] , L. vellerea [6] and L. tongolensis [7] were moderately diverse, L. dictyoneura [8] , L. kanaitzensis [9] and L. subspicata [10] were highly diverse, and L. cymbulifera [7] and L. cyathiceps [11] were uniform.
As part of our effort to elucidate the mechanism(s) of chemical diversification in Ligularia in the Hengduan Mountains of China, we carried out chemical analysis of L. oligonema, which was collected in Laojunshan (altitude: 2900 m), Yunnan Province, China in 2008. To the best of our knowledge, there has been no report of the chemical constituents of the species. The EtOH extract of fresh root of the L. oligonema sample showed a very intense Ehrlich-positive spot on TLC (R f : 0.4 (n-hexane-EtOAc 7:3)), as well as some minor Ehrlich-positive spots. A mixture of new furanoeremophilane derivatives (1 and 2) was obtained from the EtOH extract of dried root in 25% yield (1:2 = 62:38) ( Figure 1 ). The mixture was partly separated by careful and repeated column chromatography (vide infra). Attempts to separate the minor components were unsuccessful due to their complexity and paucity. 13 C NMR (δ 74.9, 72.6, 69.5) spectra indicated the presence of a hydroxy, an acetoxy and a 2-methylbutyryloxy group on the furanoeremophilane skeleton [12] . The presence of the 2-methylbutyryl-oxy group at C-6 was supported by the observation of a retro-Diels-Alder fragment (m/z 208) in the mass spectrum of 1 ( Figure 2 ) [13] . A pair of doublet signals of 9-H at δ 2.75 (1H, d, J = 18.1 Hz) and 3.13 (1H, br d, J = 18.1 Hz) indicated the presence of a tertiary hydroxy group at C-10 (δ 74.9). These results suggest that compound 1 is likely to be 3βacetoxy-6β-(2-methylbutyryloxy)furanoeremophilan-10β-ol. The spectral data of compound 1 were identical with those of 3β-acetoxy-6β-angeloyloxyfuranoeremophilan-10β-ol (3), which has been isolated from L. dictyoneura collected in Baishuitai, Yunnan Province, China [8] , except for the signals arising from the side chain attached to C-6.
The structure of compound 1 was confirmed by comparing its NMR spectrum with that of transformation products of compound 3. Compound 3 was hydrogenated over Pd-C to yield a 1:1 diastereomeric mixture of (2'S)-and (2'R)-3β-acetoxy-6β-(2-methylbutyryloxy)furanoeremophilan-10β-ols (1 and 1'). One of the stereoisomers showed an 1 H NMR spectrum identical with that of 1 isolated from L. oligonema. Tori and co-workers recorded the 1 H NMR spectrum of 6β-(2'S)-2-(methylbutyryl-oxy)furanoeremophilane-10β-ol (4) and (2'R)-epimer 4' in C 6 D 6 and found that the methyl group at C-2' in 4 resonated at lower field, compared with that of 4' [9] . The doublet signal of the methyl group at C-2' in 1 in C 6 D 6 resonated at lower field in comparison with that of 1' (δ 1.00 for 1 and δ 0.96 for 1'). Thus, the absolute configuration of 2-methylbutyryl group in 1 was putatively judged to be S.
The molecular formula of compound 2, an oil, was determined to be C 21 H 30 O 6 by high-resolution EIMS (m/z 378.2026). The 1 H NMR spectral data of 2 were identical with those of 1 except for the signals arising from the side chain attached to C-6. It showed the presence of an isobutyryloxy group [ present in 1. The mass spectrum also showed a fragment peak at m/z 71 arising from an isobutyryl group. COSY and NOESY spectra were also in agreement with the structure of 2.
Compounds 1 and 2 were also isolated from another Ligularia sample collected at a higher elevation in Laojunshan (altitude: 3500 m) in 2005. Careful and repeated column chromatography of its EtOH extract gave compounds 1 and 2 in 0.5 and 1.4% yields, respectively (vide supra). Because the plant was still too small to carry any flowers, its identity was unknown. However, the plant was very likely to be L. oligonema, because the DNA sequence of the ITS1-5.8S-ITS2 region of the ribosomal RNA gene, which is quite variable and has been used for phylogenetic analyses [15] , was essentially the same in the L. oligonema sample and the unidentified sample. The difference was only at the 2nd base site in ITS1, which was C in L. oligonema and a Y(=C+T) in the unidentified sample.
In addition, the sequence of the plastid atpB-rbcL intergenic region was exactly the same.
L. oligonema belongs to the section Corymbosae series
Retusae [1] . The plants in this series for which chemical analysis has been carried out include L. duciformis [16] , L. nelumbifolia [17] , and L. franchetiana [18] . L. franchetiana was found to produce furanoeremohilanes, while the other two did not. In this regard, L. oligonema is more similar to L. franchetiana. However, when the ITS1-5.8S-ITS2 sequences of L. oligonema, L. franchetiana (AB375311), L. duciformis (AY458827) and L. nelumbifolia (DQ272344) were analyzed with the program suite PHYLIP [19] , using Farfugium japonicum (DQ272323) as an outgroup, F. japonicum and L. oligonema were found to be separated from the others with a bootstrap value of 93%: L. oligonema is somewhat separated from the other three Ligularia species. These results suggest that chemical evolution in this series is complex.
Experimental
Column chromatography was carried out on silica gel (Kanto silica gel 60 N (spherical neutral)). Merck Kieselgel 60 F 254 (layer thickness 0.25 mm) was used for analytical TLC. 1 H and 13 C NMR spectra were measured on a JEOL AL 400 spectrometer with CDCl 3 as the solvent and TMS as an internal standard. Mass Extraction: The roots of L. oligonema and the unidentified species were harvested. For Ehrlich's test, extraction with EtOH was started immediately without drying. Solid plant material was removed after several days, and the solution was subjected to TLC without concentration. For structure determination, the roots were dried (L. oligonema: 10 g, unidentified species: 2 g) and extracted with EtOH at room temperature. Oily extracts were obtained by a standard method.
Isolation:
Half of the EtOH extract of the roots of L. oligonema (114 mg) was subjected to silica gel column chromatography [SiO 2 (6 g); n-hexane-EtOAc 12:1] to give a mixture of 1 and 2 (29 mg; 1:2 = 62:38). Part of the EtOH extract of the roots of the unidentified plant (82 mg) was subjected to column chromatography [SiO 2 (3 g); n-hexane-EtOAc 10:1] to give 1 (less than 1 mg) and a mixture containing 1 and 2 (2.0 mg). The remaining EtOH extract of the unidentified species (129 mg) was subjected to column chromatography [SiO 2 (4 g); n-hexane-EtOAc 10:1] to give 1 (0.4 mg) and a mixture containing 1 and 2 (3.2 mg). The mixtures of 1 and 2 were combined and again chromatographed [SiO 2 (1 g); n-hexane-EtOAc 10:1] to give a mixture containing 1 (1.3 mg) and 2 (2.3 mg). 
3β-Acetoxy

Catalytic hydrogenation of 3β-acetoxy-6β-angeloyloxyfuranoeremophilan-10β-ol (3):
Compound 3 (6.5 mg) was stirred with Pd-C (6.9 mg) in EtOH (3 mL) under H 2 at r. t. for 8 h. The mixture was filtered and the filtrate concentrated under reduced pressure to give an inseparable mixture of 1 and 1' quantitatively.
DNA analysis:
Purification of DNA and amplification and sequence determination were carried out as described [9] , with the following modifications. The ITS1-5.8S-ITS2 region was amplified with LC5 (5' GAGTCATCAGCTCGCGTTGA 3') and LC6 (5' GTCCGTCGCTGAGGACGCTT 3') and with an annealing temperature of 56°C. Sequencing of the region was carried out with LC1 (5' CCGGTGAAGTGTTAGGATCG 3'), LC2 (5' GACTCTCGGCAACGGATATC 3'), LC3 (5' GGGCGCAACTTGCGTTCAAA 3') and LC4 (5' CTTCTCCAGACTACAATTCG 3'). The atpB-rbcL intergenic region was amplified with La (5' AGCTACATCTAGTACCGGACC 3') and ar (5' GGTTGAGGAGTTACTCGAAATGCTGCCAAGAT ATC 3') and with an annealing temperature of 56°C. Sequencing of the region was carried out with La, ar, and aa2 (5' ACCAATGATTTGGGCGATACGCCCCAG 3').
The sequences of the two regions of a L. oligonema sample, which was collected at the same place as the voucher 0849 in 2005, were deposited in the database (accession AB523364 and AB523847). The sequences of both regions were the same in the two samples, except for the 119th site of ITS2 being C in the 0849 sample instead of Y in the database sequence.
